Reduced progesterone metabolites protect rat hippocampal neurones from kainic acid excitotoxicity in vivo.
The ovarian hormone progesterone is neuroprotective in some animal models of neurodegeneration. Progesterone actions in the brain may partly be mediated by the locally produced metabolites 5alpha-dihydroprogesterone and 3alpha,5alpha-tetrahydroprogesterone. The neuroprotective effects of these two metabolites of progesterone were assessed in this study. Ovariectomized Wistar rats were injected with kainic acid, to induce excitotoxic neuronal death in the hippocampus, and with different doses of 5alpha-dihydroprogesterone and 3alpha,5alpha-tetrahydroprogesterone. The number of surviving neurones in the hilus of the dentate gyrus of the hippocampus was assessed with the optical disector method. The administration of kainic acid resulted in a significant decrease in the number of hilar neurones and in the induction of vimentin expression in reactive astrocytes, a sign of neural damage. Low doses of 5alpha-dihydroprogesterone (0.25 and 0.5 mg/kg body weight, b.w.) prevented the loss of hilar neurones and the appearance of vimentin immunoreactivity in astrocytes. Higher doses (1-2 mg/kg b.w.) were not neuroprotective. By contrast, low doses of 3alpha,5alpha-tetrahydroprogesterone (0.25-1 mg/kg b.w.) were unable to protect the hilus from kainic acid while higher doses (2-4 mg/kg b.w.) were protective. The different optimal neuroprotective doses of 5alpha-dihydroprogesterone and 3alpha,5alpha-tetrahydroprogesterone suggest that these two steroids may protect neurones using different mechanisms. The neuroprotective effects of 3alpha,5alpha-tetrahydroprogesterone may be exerted by the inhibition of neuronal activity via the GABAA receptor. This latter possibility is supported by the observation that 3beta,5alpha-tetrahydroprogesterone, an isomer of 3alpha,5alpha-tetrahydroprogesterone that does not bind to GABAA receptor, was not neuroprotective. In summary, our findings suggest that progesterone neuroprotective effects may be, at least in part, mediated by its reduced metabolites 5alpha-dihydroprogesterone and 3alpha,5alpha-tetrahydroprogesterone.